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Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS 1-Introduction • LHC (Large Hadron Collider) will be colliding bunches of protons at every 25ns by the second half of 2007.
• The ATLAS detector is a general purpose experiment, placed at one of the LHC collision points.
• The ATLAS triggering system is responsible for identification and pre-selection of relevant events.
• Despite the very high event rate, the interesting channels will rarely occur.
• The design of an efficient online triggering system is very important to guarantee that valuable information will not be lost, and to avoid recording non-interesting data.
One event → 1.5Mbytes 40x10 6 events/s → 60Tbytes/s Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS
1-ATLAS detector characteristics
The most frequent objects for searching for the Higgs particle are electrons, photons and muons.
In terms of calorimetry, jets that arrive to the LVL2 trigger tend to fake electron signatures.
Electrons are immerse in an intense background noise of hadronic jets.
The electron/jet channel is very important for the detector overall performance.
Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS • The first level (LVL1) uses (grouped) calorimeter data and it is implemented in hardware.
• The High Level Trigger (HLT) comprises the second level trigger and the event filter.
• The HLT receives from LVL1 the primary location of regions in the detector where interesting events appeared (RoI).
• The HLT is implemented in software, processed in parallel by thousands of PCs. Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS 1-Signal pre-processing • The high-level triggering operation is based on the region of interest concept.
• The regions of interest (RoI) are identified as the part of the detector in which the incoming particles deposit their energy.
• At each calorimeter layer, the most energetic cell is defined as the first ring, and the following rings are formed around this point, making the classification procedure independent of the impact point.
• For efficient data compaction, energy is summed and normalized over each ring.
Ring energy summation

Sequential energy normalization
Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS • In this work a self-organizing map (SOM) is applied for electron/jet identification in the high-level trigger of ATLAS.
The SOM weights are adjusted using:
where: and is the learning rate.
The SOM makes a topologically ordered transformation of the input signals through unsupervised training.
Similar input patterns are mapped to adjacent regions of the characteristics map.
Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS 2 -SOM adjusted through LVQ • The topologically organized mapping is then further adjusted through Learning Vector Quantization (LVQ).
• A vector basis is formed by the neuron weights, and the LVQ algorithm uses class information to move these vectors to new positions, maximizing the classification performance.
• If the class C wc of a weight vector w c is the same of a random selected input vector x i , than:
• Else:
Learning rate
Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS 2 -Hypothesis testing • The hypothesis testing procedure was performed by a Multi-Layer Perceptron classifier that uses as input information the mapping obtained by the SOM network.
(ring sums) One hidden layer with 5 neurons Resilient back-propagation
Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS 3 -Results SOM (unsupervised) SOM adjusted through LVQ
• After LVQ classes became more concentrated at the map edges, facilitating the discrimination.
Self-organized mapping of calorimetry information for high efficient online electron/jet identification in ATLAS
-Results
• The ROC curve shows how the detection (PD) and false alarm (PF) probabilities vary according to the decision threshold.
• The SP product is defined as:
where Ef i is the discrimination efficiency of class i.
• The Receiver Operating Characteristic (ROC) and the SP product were used as figures of merit of the particle discrimination performance.
ROC curves and SP obtained for 6x10 and 8x10 SOM 
